






What are the barriers to establishing effective 











nutrients	 loads	 and	 a	 range	 of	 contaminants,	 and	 has	 been	 shown	 adversely	 affect	 the	 receiving	
environment	in	a	variety	of	ways.	Effective	treatment	technology	now	exists	for	cold	environments	and	
implementing	wastewater	treatment	at	all	research	stations	would	help	reduce	the	potential	suite	of	
































earth’s	 ‘last	 untouched	 wilderness’.	 However,	 from	 the	 first	 heroic	 era	 of	 Antarctic	







activities	they	undertake	 in	the	Antarctic	 (Bargagli,	2008).	 In	order	to	promote	adequate	
sanitation,	 reduce	 offensive	 odours	 and	 minimise	 environmental	 effects,	 wastewater	
disposal	 or	 removal	 is	 a	 practical	 necessity	 for	 research	 stations	 in	 Antarctica	 (Smith	 &	
Riddle,	2009).	Treatment	practices	have	come	a	long	way	in	the	last	decade,	for	example,	
an	advanced	wastewater	treatment	plant	will	soon	be	installed	at	Australia’s	Davis	Station	
which	 has	 remote	 access	 features	 and	 the	 ability	 to	 produce	 potable	 water	 as	 an	 end	
product	(Zhang,	2016).		
Regulations	 for	wastewater	have	been	established	under	 the	Protocol	on	Environmental	






treatment	 technology	existing	 for	 the	Antarctic	climate,	only	63%	of	permanent	stations	
and	31%	of	summer	stations	have	reported	undertaking	some	form	of	treatment	(Gröndahl	
et	 al.,	 2009).	 Currently	 each	 research	 station	 has	 developed	 their	 own	 method	 of	
undertaking	 wastewater	 disposal.	 This	 can	 vary	 according	 to	 the	 station’s	 population,	









by	Stark	et	al.	 (2016a,	2015).	More	 targeted	 reviews	 in	 the	 field	 include	Gröndahl	et	al.	
















substances.	 Primary	 treatment	 involves	 the	 separation	 of	 solids,	 usually	 via	 grating	 or	
screening	and	occasionally	settlement.	Secondary	treatment	involves	aerobic	and	anaerobic	
biological	 treatment,	 reducing	 organic	 and	 inorganic	 substances.	 Tertiary	 treatment	 is	
considered	the	final	physiochemical	processing	to	remove	macro	substances	and	denature	
microorganisms	and	pathogens	(Smith	&	Riddle,	2009).	The	final	treated	effluent	is	disposed	
























plant.	 Secondary	 treatment	 plants	 cost	 around	 $500,000	 USD	 without	 factoring	 in	
installation	 costs	 (COMNAP,	 2014),	 while	 equipment	 and	 installation	 can	 be	 as	 high	 as	
several	million	(Gröndahl	et	al.,	2009).	Treatment	plants	are	also	challenging	to	transport;	
generally	 parts	 are	 shipped	 in	 containers	 and	 reassembled	 in	 Antarctica	 (Tarasenko	 &	
Gilbert,	 2009).	 Extreme	 conditions	 and	 long	 periods	 of	 darkness	 make	 construction	
challenging,	as	there	are	only	around	eight	weeks	in	summer	when	outdoor	construction	
work	can	occur	(Heaton	&	Paterson,	2003;	Tarasenko	&	Gilbert,	2009).		




2008;	 Tarasenko	 &	 Gilbert,	 2009).	 Isolation	 makes	 the	 transport	 of	 spare	 parts	 time	
consuming,	and	plants	may	need	built-in	redundancy	measures	(such	as	holding	tanks)	to	
account	 for	 this	 (Connor,	 2008;	 Tarasenko	&	Gilbert,	 2009).	 Population	numbers	 during	







of	 start-up	 for	 summer	 stations	 and	 the	 ability	 to	 operate	 under	 different	 loading	
parameters	for	summer/winter.		






Wastewater	 contamination	 can	 affect	 the	 receiving	 environment	 in	 a	 variety	 of	 ways	
depending	on	the	method	of	discharge,	level	of	treatment,	and	conditions	at	the	disposal	
site	(Aronson	et	al.,	2011).	The	discharge	can	facilitate	the	introduction	of	pathogens	and	
non-native	 microorganisms,	 and	 contain	 contaminants	 such	 as	 heavy	 metals,	 organic	
material	and	micro	pollutants,	which	can	all	have	a	range	of	effects	on	communities	and	


















Another	 significant	 effect	 from	 coastal	 outfalls	 is	 on	 surrounding	 benthos.	 Benthic	
ecosystems	in	Antarctica	have	high	biodiversity	values,	and	are	more	likely	to	be	impacted	
by	 contaminants	 (Bargagli,	 2008).	 Communities	 around	 highly	 polluted	 wastewater	







Technological	 advancement	 has	 enabled	 a	 wide	 range	 of	 different	 compounds	 to	 be	
manufactured	and	included	in	products	that	may	be	present	in	wastewater	(Bolong	et	al.,	
2009).	Contaminants	that	have	been	recently	studied	in	Antarctica	 include	personal	care	
products	 and	 pharmaceuticals	 (referred	 to	 as	 PPCPs)	 which	 can	 include	 detergents,	
sunscreens,	lotions,	toothpaste	and	antibiotics	(Emnet	et	al.,	2015;	Tin	et	al.,	2009).	While	
many	of	 these	compounds	degrade	quickly	once	 in	 the	 receiving	environment,	 constant	















from	 wastewater	 often	 requires	 advanced	 treatments	 such	 as	 activated	 carbon,	
nanofiltration	and	reverse	osmosis	(Bolong	et	al.,	2009).	These	practices	can	add	complexity	
to	 the	 treatment	process	and	would	 require	 the	upgrade	of	existing	 treatment	plants	 in	
Antarctica.	
4	 REGULATORY	TOOLS	
The	 Protocol	 on	 Environmental	 Protection	 to	 the	 Antarctic	 Treaty	 (referred	 to	 as	 “the	
Madrid	Protocol”	or	“the	protocol”)	was	adopted	in	1991	and	was	the	result	of	synthesising	
a	 range	 of	 previously	 agreed	 environmental	 management	 measures	 and	 the	 growing	
international	 concern	 for	 human	 environmental	 degradation	 (Connor,	 2008).	 So	 far,	 37	
countries	have	signed	the	protocol	(COMNAP,	2016a).	ANNEX	III	to	the	protocol	sets	out	
minimum	 standards	 for	 waste	 disposal	 and	 management.	 These	 measures	 are	 split	
depending	 on	 the	 sink	 for	 the	waste	 (air,	 land,	water	 or	 removal	 from	Antarctica).	 The	
preferred	 method	 is	 removal	 from	 Antarctica,	 and	 the	 protocol	 states	 this	 should	 be	
undertaken	to	the	‘maximum	extent	practicable’.	Where	this	is	not	practical,	the	protocol	
specifies	 that	wastewater	 should	not,	 as	 far	as	practicable,	be	disposed	of	onto	 ice-free	
areas	or	into	freshwater	systems.	If	it	is	disposed	of	into	the	sea,	the	receiving	environment	
conditions	 should	 favour	 initial	dilution	and	 rapid	dispersal,	and	quantities	generated	by	
more	than	30	people	must	be	macerated.	The	by-products	of	sewage	treatment	processes	









land,	 or	 in	 shallow	 bays	 with	 long	 sea	 ice	 duration,	 which	 are	 not	 conducive	 to	 rapid	













The	 emphasis	 in	 the	 Madrid	 Protocol	 on	 rapid	 dispersal	 and	 dilution	 alone	 are	 widely	
recognised	as	being	 insufficient	 to	prevent	environmental	effects	 (Smith	&	Riddle,	2009;	
COMNAP,	 2014).	 In	 particular,	 the	 protocol	 does	 not	 set	 specific	 limits	 on	 treated	




(Bolong	et	al.,	 2009).	 The	 treaty	has	been	 considered	 inadequate	 to	prevent	 large-scale	
contamination	and	a	new	regulatory	tool	may	be	required	for	this	purpose	(Bargagli,	2008).	
ANNEX	III	of	the	Madrid	Protocol	states	that	monitoring	of	wastewater	effects	shall	 take	





transfer	 to	wildlife	 and	non-native	 introductions	 of	microorganisms	 (Stark	et	 al.,	 2016a;	
Smith	&	Riddle,	2009).	It	has	been	suggested	by	Bargagli	(2008)	that	large	scale	monitoring	
programmes	should	be	introduced	for	the	purpose	of	assessing	the	effects	of	contaminants	







to	 implement	 the	 protocol.	 These	 reports	 can	 be	 a	 valuable	 source	 of	 information	 in	
checking	who	is	currently	adhering	to	the	protocol,	or	 if	further	treatment	measures	are	
planned	 (UNEP	&	ASOC,	 2011).	 In	 a	 review	by	ASOC	 and	UNEP	on	 the	Madrid	 Protocol	
implementation,	 it	 was	 found	 that	 between	 2000	 and	 2010	 approximately	 50%	 of	
consultative	 treaty	parties	on	any	given	year	adhered	 to	 the	Article	17	annual	 reporting	
requirements	(where	they	report	their	implementation	progress	to	all	parties).	As	at	2010,	
at	least	30%	of	parties	had	never	reported	(UNEP	&	ASOC,	2011).	This	adds	to	the	general	
lack	 of	 current,	 public	 information	 on	 the	 wastewater	 treatment	 methods	 for	 many	
research	stations	(Tarasenko	&	Gilbert,	2009;	Gröndahl	et	al.,	2009;	UNEP	&	ASOC,	2011).	
Another	obstacle	with	 the	Antarctic	Treaty	and	Madrid	Protocol	 is	 that	 they	 rely	on	 the	




The	design	 requirements	 for	 effective	wastewater	 treatment	 in	Antarctica	 are	now	well	
understood,	 and	 much	 can	 be	 learnt	 from	 countries	 who	 have	 already	 established	
treatment	systems.	Although	this	is	the	case,	many	countries	still	operate	bases	without	any	
form	of	effective	treatment.	The	literature	indicates	that	the	primary	reason	for	a	lack	of	























at	 all	 stations.	Although	 the	 survey	undertaken	by	Gröndahl	et	al.	 (2009)	 in	2005	 is	 still	
informative,	the	information	presented	is	now	outdated.	Many	parties	do	not	submit	their	
status	reports	under	the	Madrid	Protocol	and	so	it	is	difficult	to	assess	the	current	level	of	
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